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(54) Communication method 

(57) In a radio communication such as a radio tele- 
phone system or the like, there can be set a transmis- 
sion channel which can cope with a change in a trans- 
mission capacity. While a terminal apparatus and a base 
station are in communication for transmitting a prede- 



termined information using a predetermined transmis- 
sion channel, a signal requesting to set other transmis- 
sion channel is transmitted using a part of the predeter- 
mined transmission channel to initiate communication 
between the terminal apparatus and the base station 
through the other transmission channel. 
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Description 

The present invention relates to a method of com- 
munication suitable for use in, for example, a base sta- 
tion and a terminal apparatus in a radio telephone sys- $ 
tern, and a base station and a terminal apparatus to 
which the method of communication is applied 

In a mobile communication such as a radio tele- 
phone system or the like, multiple access is provided 
wherein a plurality of mobile stations (terminal appara- *o 
tuses or subscribers) have access to a single base sta- 
tion. In this case, a predetermined transmission band is 
allocated in advance to each base station; a plurality of 
transmission channels are set in the transmission band; 
in the case of a request for communication or the like '5 
from each terminal apparatus, any of the transmission 
channels is allocated to the terminal apparatus; and the 
terminal apparatus side initiates communication by way 
of "the base station using the allocated transmission 
channel. 20 

For example, such systems of communication 
wherein the transmission channels are set include a fre- 
quency division multiple access (FDMA), a time division 
multiple access (TDMA), a code division multiple access 
. (CDMA) and so on. 25 

Referring to each method, the communication sys- 
tem of FDMA system is one in which a plurality of trans- 
mission channels are provided by dividing the transmis- 
sion band prepared by a unit of frequency. The commu- 
nication system of TDMA system is one in which a trans- 30 
mission channel is divided by a predetermined time unit 
to form a plurality of time slots within a single transmis- 
sion channel, each of the time slots being allocated to 
the terminal equipments to be linked. Therefore, it is 
possible to link the plurality of terminal equipment using 3S 
the single transmission channel. The communication 
system of CDMA system is one in which a specified 
code is allocated to each of the terminal equipments and 
a carrier having the same frequency is subjected to 
spectrum spread modulation by the code for transmit- *o 
ting it to the base station. The receiving side achieves 
synchronization with each code to identify a signal from 
a desired terminal apparatus. 

In the following description, a communication line 
set between a single terminal apparatus and a base sta- 45 
tion is referred to as one transmission channel. There- 
fore, in the case of the TDMA system, a time slot allo- 
cated to a terminal apparatus is logically one transmis- 
sion channel and, in the case of the CDMA system, the 
transmission of a signal spread into a code allocated to so 
a terminal apparatus is logically one transmission chan- 
nel. 

Meanwhile, in a radio telephone system, a trans- 
mission capacity which can be transmitted through one 
transmission channel has been fixed regardless of the 55 
system used for setting the transmission channels in 
any system, and it has not been possible to change the 
transmission capacity depending on the type of the data 
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to be transmitted. For example, to transmit image data 
for facsimile during an on-going audio call using a ter- 
minal apparatus which is a portable telephone, it has 
been necessary to transmit the image data instead of 
audio data with the audio call interrupted temporarily 
and it has not been possible to transmit the image data 
from the portable telephone concurrently with the trans- 
mission of the audio data. 

Meanwhile, a capability of transmitting various data 
other than audio data utilizing a wireless terminal such 
as a portable telephone or the like has recently been 
coming in practice. However, when only one type of data 
of a fixed capacity can be transmitted through one trans- 
mission channel, it is necessary to interrupt the trans- 
mission of data of other types or to re-pertorm a process 
of connecting the line each time the type of data is trans- 
mitted. This has made a transmission process cumber- 
some and has be unpreferable from the viewpoint of the 
efficiency of use of a communication line. 

According to a first aspect of the present invention, 
acommunication resource allocation method for allocat- 
ing communication resource by a second apparatus 
from a request from a first apparatus, includes a com- 
munication resource allocating step of, when in a normal 
state a signal generated by the first apparatus and trans- 
mitted to the second apparatus comprises a predeter- 
mined amount of information bits and in an allocation 
request state a part of the predetermined amount of in- 
formation bits is regarded as an allocation request bit, 
allocating communication resource depending upon 
whether or not the second apparatus detects the allo- 
cation request bit. 

According to a second aspect of the present inven- 
tion, a base station for allocating a communication re- 
source includes a receiving means for receiving signal 
from a subscriber, a control means for picking up a part 
of information bits of an output signal from the receiving 
means as an allocation request bit, and for allocating 
communication resource depending upon whether or 
not the allocation request bit is detected, and a trans- 
mitting means for transmitting the communication re- 
source allocation result to the subscriber. 

According to a third aspect of the present invention, 
a subscriber apparatus includes a control means for 
generating a communication resource allocation signal 
to a base station, and a transmitting means for transmit- 
ting an output signal from the control means to the base 
station. In a normal state, the transmitting means trans- 
mits a signal having a predetermined amount of infor- 
mation bits regarded as an allocation request bit and, in 
an allocation request state, the control means generates 
a signal in which a part of the predetermined quantity of 
information bits is regarded as an allocation request bit. 

Embodiments of the invention can, in a radio com- 
munication such as a radio telephone system or the like, 
make it possible to set a transmission channel which can 
cope with changes in transmission conditions such as 
a transmission capacity or the like. 
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An embodiment of the present invention will now be 
described, merely by way of non-limitative example, 
with reference to the accompanying drawings, in which: 

FIG. 1 is a block diagram showing a configuration 5 
of a terminal apparatus according to an embodi- 
ment of the present invention; 
FIG. 2 is a block diagram showing a configuration 
of a base station according to an embodiment of the 
present invention; w 
FIGS. 3A and 3B are explanatory diagrams each 
showing a slot configuration according to an em- 
bodiment of the present invention; 
FIG. 4 is an explanatory diagram illustrating a con- 
figuration of a frame in a case wherein an embodi- '5 
ment of the present invention is applied to the TD- 
MA system; 

FIGS. 5A to 5C are explanatory diagrams illustrat- 
ing an example of the use of slots in the frame con- 
figuration in the example in FIG. 4; 20 
FIG. 6 is a block diagram showing a modulation 
process in a case wherein an embodiment of the 
present invention is applied to a system of transmit- 
ting a multi-carrier signal; 
- FIG. 7 is a block diagram showing a demodulation 25 
process in a case wherein an embodiment of the 
present invention is applied to a method of trans- 
mitting a multi-carrier signal; 
FIGS. 8Aand 8B are explanatory diagrams showing 
states of transmission of a multi-carrier signal in the 30 
examples shown in FIGS. 6 and 7; 
FIGS. 9A and 9B are diagrams used to explain how 
to set a plurality of logical transmission channels si- 
multaneously; and 

FIG. 10 is a block diagram showing a configuration 35 
of a terminal apparatus according to another em- 
bodiment of the present invention. 

In the present embodiment, the present invention is 
applied to a cellular type radio telephone system where- *o 
in a communication area is set by locating base stations 
at a predetermined interval, and a configuration of a ter- 
minal apparatus used in the radio telephone system is 
first shown in FIG. 1 . Referring first to the configuration 
of a reception system, an antenna 1 1 is connected to a 45 
reception unit 1 3 through an antenna sharing device 1 2, 
and an output frequency signal from a frequency syn- 
thesizer 1 4 constituted by a PLL circuit or the like is sup- 
plied to the reception unit 1 3. The output frequency sig- 
nal from the frequency 1 4 is mixed with a reception sig- so 
nal supplied from the antenna 11 to the reception unit 
1 3 to frequency convert on the reception signal at a pre- 
determined frequency into an intermediate frequency 
signal. In this case, the output frequency of the frequen- 
cy synthesizer 1 4 is determined based on the control of 55 
a control unit 22 which is a system controller for control- 
ling the communication operation of this terminal appa- 
ratus. 
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The reception signal which has been converted into 
an intermediate frequency signal is supplied to a de- 
modulation unit 15 where it is subjected to a demodula- 
tion process based on a specified communication sys- 
tem to be converted into a reception data which is a sym- 
bol string. The reception data which is a demodulated 
symbol string is supplied to a data processing unit 16 
which extracts required data and supplies the same to 
corresponding signal processing units. 

For example, audio data included in the reception 
data is supplied to an audio processing unit 1 7, convert- 
ed into an analog audio signal by an audio process in 
the audio processing unit 17, and emitted as sounds 
from a speaker 1 8 connected thereto. Facsimile data in- 
cluded in the reception data is supplied to a facsimile 
processing unit 24 and is converted by this facsimile 
processing unit 24 into data to be supplied to a facsimile 
apparatus (not shown). Further, electronic mail data in- 
cluded in the reception data is supplied to an electronic 
mail processing unit 25 and is converted by this elec- 
tronic mail processing unit 25 into data to be supplied to 
an electronic mail receiving apparatus (such as a per- 
sonal computer apparatus, personal digital assistant or 
the like which is not shown). Control data included in the 
reception data is supplied to the control unit 22 which 
executes the corresponding communication control. 
Those reception data types are determined from the 
control data or the like included in the reception data. 

Referring next to a transmission system of the ter- 
minal apparatus, for example, in the case of audio data, 
an audio signal picked up by a microphone 19 connect- 
ed to the audio processing unit 17 is converted by the 
audio processing unit 1 7 into digital audio data for trans- 
mission, and this audio data is supplied to the data 
processing unit 16 and is located at a predetermined po- 
sition in a symbol string to be transmitted. At the other 
positions in the symbol string to be transmitted, a pre- 
determined synchronization pattern, a control data sup- 
plied from the control unit 22 and the like are located. 

The transmission data which is a symbol string out- 
put from the data processing unit 16 is supplied to a 
modulation unit 20 to perform a modulation process for 
transmission, and the modulated signal is supplied to a 
transmission unit 21 where it is mixed with a frequency 
signal output by the frequency synthesizer 14 to be fre- 
quency-converted into a predetermined transmission 
frequency. A transmission signal at this transmission 
frequency is supplied through the antenna sharing de- 
vice 1 2 to the antenna 11 to be transmitted on a wireless 
basis. 

A facsimile signal transmitted from a facsimile ap- 
paratus (or a computer apparatus to which a modem for 
facsimile communication is connected) which is not 
shown to the facsimile processing unit 24 is converted 
by the facsimile processing unit 24 into facsimile data, 
and the facsimile data is supplied to the data processing 
unit 16 where it is subjected to a transmission process 
similar to that in the case of audio data as described 
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above. Further, electronic mail data for transmission 
supplied from an apparatus for transmitting and receiv- 
ing an electronic mail which is not shown to the elec- 
tronic mail processing unit 25 is converted by the elec- 
tronic mail processing unit 25 into electronic mail data 5 
to be transmitted, and the electronic mail data is sup- 
plied to the data processing unit 1 6 where it is subjected 
to a transmission process similar to that in the case of 
audio data as described above. 

Various keys 23 are connected to the control unit 10 
22, and operations such as transmission and reception 
and so on are performed with the keys 23. Further, the 
terminal apparatus in the present embodiment has a ca- 
pability of performing a communication process on a 
plurality of transmission channels simultaneously, and '5 
a transmission channel is set under the control of the 
control unit 22. The process of setting a plurality of trans- 
mission channels simultaneously will be described later. 
Further, referring to the facsimile processing unit 24 and 
the electronic mail processing unit 25, the operation of 20 
those processing units is stopped when the transmis- 
sion of the corresponding data is not performed and, 
when a process of transmitting the corresponding data 
is to be performed, it is activated under the control of 
.the control unit 22 to perform the process by executing 2s 
a corresponding application program. Further, the fac- 
simile processing unit 24 and the electronic processing 
unit 25 may be equipped with a storage means for stor- 
ing received data and data to be transmitted and after 
temporarily storing data received from base station side, 30 
to transfer the data to the facsimile apparatus or the 
computer apparatus connected thereto when necessary 
and to transmit data transferred from the facsimile ap- 
paratus or computer apparatus and stored therein to the 
base station when necessary. Furthermore, the terminal 35 
apparatus itself may be equipped with a function corre- 
sponding to a facsimile apparatus or a computer appa- 
ratus. 

A configuration of a base station which communi- 
cates with the terminal apparatus will now be described <o 
with reference to FIG. 2. Although the base station has 
a basic configuration for a communication process 
which is similar to that of the terminal apparatus an ar- 
rangement, which communicates with a plurality of ter- 
minal apparatuses, is different from the terminal appa- 4 $ 
ratus. Specifically, antenna systems 51, 52 of two sys- 
tems are connected to a synthesis/separation circuit 53, 
and reception signals are separated by the synthesis/ 
separation circuit 53 at every transmission channel or 
the like to separate reception signals from each terminal 50 
apparatus into signals of a plurality of systems for each 
of one or a plurality of terminal apparatuses. The recep- 
tion signals in the respective separated systems are 
supplied to respective different communication units 
54a, 54b, .... 54n (n is an arbitrary number) to be sub- 55 
jected to a reception process and a demodulation proc- 
ess. The demodulated reception data is subjected to a 
transmission process for transmitting it to an exclusive 



line 57 connected to a communication control station 
which coordinates base stations, and the processed sig- 
nal is transmitted to the exclusive line 57 through a syn- 
thesis/separation circuit 56. 

Further, a signal transmitted from the exclusive line 
57 to the base station is separated by the synthesis/sep- 
aration circuit 56 into signals in a plurality of systems. 
The separated signals in respective systems are sup- 
plied to respective different communication units 54a, 
54b, 54n, and a modulation process and a transmis- 
sion process for transmission to the terminal apparatus- 
es are performed after a process of receiving from the 
exclusive line 57 to supply the signals to either of the 
antennas 51 , 52 through the synthesis/separation circuit 
53 for transmission on a wireless basis. 

The processes of transmission and reception at 
each of the communication units 54a - 54n of the base 
station are performed under control of a control unit 55, 
and the addition and discrimination of necessary control 
data or the like are also carried out under control of the 
control unit 55. 

Communication conditions for communication per- 
formed between the terminal apparatus and base sta- 
tion described above will now be described. In the em- 
bodiment, a transmission capacity for communication 
between the terminal apparatus and the base station 
can be adaptively set. The process of setting the trans- 
mission capacity adaptively will be described referring 
to a case wherein the TDMA system (time division mul- 
tiple access system) is used as the system for commu- 
nication between the terminal apparatus and base sta- 
tion. In the case of the TDMA-TDD (time division duplex) 
system, the transmission frequency and the reception 
frequency are the same; the transmission signal trans- 
mitted using the same frequency is a burst signal in a 
predetermined unit of time (e.g., on the order of several 
hundred u.sec); and the burst signal is intermittently 
transmitted and received between the terminal appara- 
tus and base station. 

A burst signal of one unit is a signal for one slot pe- 
riod and, for example, one frame is defined by eight slot 
periods as shown in FIG. 4, and such one frame is re- 
peated. When one frame is defined by eight slot periods, 
for example, first four slots of one frame are used as 
slots for transmission from the base station and second 
four slots are used as slots for reception at the base sta- 
tion. Here, the first four slot periods that constitute a 
transmission slot period are given slots numbers T1 , T2 P 
T3 t T4, and the second four slot periods that constitute 
a reception slot period are given slot numbers R1, R2, 
R3, R4. 

During general communication according to the TD- 
MA method, communication between a certain terminal 
apparatus and a base station is performed on a bi-di- 
rectional basis using the slots No. T1, R1; communica- 
tion between another terminal apparatus and the base 
station is performed on a bi-directional basis using the 
slots No. T2, R2; and communications with other termi- 



4 



7 EP 0 844 

nal apparatuses are performed using the slots No. T3, 
R3and slots No. T4, R4, respectively. Thus, communi- 
cations with up to four terminal apparatuses can be si- 
multaneously performed using one transmission fre- 
quency band. Some slots in one frame may be used as s 
slots for transmitting control data. 

As shown in FIG. 3A, a signal transmitted each one 
slot period includes a predetermined number of infor- 
mation bits provided in a predetermined section. The au- 
dio data, facsimile data, electronic mail data and the like 10 
as described above are transmitted using this informa- 
tion bits. In this case, at least one bit of header informa- 
tion is added immediately before the section for the in- 
formation bit. Further, synchronization bits, various con- 
trol bits and the like are added to other sections. Nor- *5 
mally, "0" data is transmitted by the one bit of header 
information. 

When this one bit of header information is '1 " data, 
as shown in FIG. 3B P a part of the section of the infor- 
mation bits (e.g., a section in which several bits can be 20 
transmitted) is used as a section used for transmitting 
control signal bits. As the data transmitted using the sig- 
nal bits, data regarding the setting of a new transmission 
channel and the like are transmitted. Specifically, a set- 
ting request signal for setting a transmission channel 25 
which is different from the current transmission channel 
in communication and, line disconnection data for ter- 
minating the communication through the transmission 
channel thus set and the like are transmitted. 

When the control unit of the receiving side (the con- 30 
trol unit 22 of the terminal apparatus and the control unit 
55 of the base station) detects that the header informa- 
tion is "1", the control unit shortens the section in the 
slot containing the information bits as which the detect- 
ed head information are determined, discriminates the 35 
data in the section of the control signal bits as a control 
signal and performs the corresponding control. 

A description will now be made on an example of 
communication carried out between a base station and 
a terminal apparatus in this configuration for communi- 40 
cation. For example, when data requesting an outgoing 
call is transmitted from a specified terminal apparatus 
to a base station using an up link control channel, the 
control unit 55 of the base station transmits a corre- 
sponding response signal to the terminal apparatus 4 $ 
through a down link control channel if it determines that 
it can respond to the request for an outgoing call. The 
response signal at this time specifies the transmission 
channel through which the communication is to take 
place (specifies the transmission frequency and the slot so 
number to be used for transmission and so on). For ex- 
ample, when it is specified to use the slots No. T1 and 
R1 at a particular transmission frequency, as shown in 
FIG. 5A, bi-directional communication using the slots 
No. T1 and R1 is carried out. 55 

In this case, for example, audio data is transmitted 
in the section of information bits in each slot period, and 
an audio call is made between the terminal apparatus 
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and the party connected by way of the base station on 
a bi-directional basis. As shown in FIG. 3A, the header 
information in the data in each slot period used at this 
time is "O" data and therefore a long section for informa- 
tion bits is set for the slot. 

When the terminal apparatus needs to initiate trans- 
mission of image data for facsimile during the audio 
transmission, it activates the facsimile processing unit 
24 under the control of the control unit 22 of the terminal 
apparatus, changes the header information in the slot 
transmitted to the base station to "1 " data to set a section 
for signal bit, and transmits data requesting an outgoing 
call using the signal bit. 

When the base station receives the data for an out- 
going call, the control unit 55 of the base station deter- 
mines whether or not there is any empty slot (a slot 
which is not in use for communication with another ter- 
minal apparatus) at the same transmission frequency 
and. If there is an empty slot, allocates the empty slot 
to this terminal apparatus. At this allocation, the header 
information in the slot for transmitting audio data to the 
terminal apparatus is changed to "T data to set a sec- 
tion for signal bits with which response data such as slot 
allocation information or the like is transmitted. 

When the terminal apparatus receives this re- 
sponse data, it begins to use also the corresponding slot 
for transmission and reception and initiates transmis- 
sion of the image data for facsimile using the newly al- 
located slot. For example, when the slots No. T2 and R2 
are newly allocated in a state wherein bi-directional 
communication of audio data is being carried out using 
the slots No. T1 and R2 (FIG. 5A), as shown in FIG. 5B, 
transmission from the base station to the terminal appa- 
ratus using the slots No. T1 , T2 and transmission from 
the terminal apparatus to the base station using the slots 
No. R1 , R2 are performed, and the image data for fac- 
simile is transmitted to the party through bi-directional 
communication using the newly allocated slots No. T2, 
R2. 

When the transmission of the image data for fac- 
simile is desired to be terminated, data for terminating 
the communication using the slots No. T2, R2 is trans- 
mitted from the terminal apparatus to the base station 
in the section for signal bits in the slot R1 or R2 to ter- 
minate the communication using the slots No. T2, R2. 
In this state, the communication using only the slots No. 
T1, R1 is resumed to continue the call by transmitting 
audio data. To terminate the transmission of audio data, 
line disconnection data for the corresponding slots are 
again transmitted to terminate the communication. The 
line for the communication in the slot periods T1, R1 for 
transmitting audio data may be disconnected before the 
communication using the slots No. T2, R2 is terminated. 

Such a mode of communication allows communica- 
tion through one logical transmission channel using the 
slots No. T2, R2 to be initiated while audio data is being 
transmitted through communication through another 
logical transmission channel using the slots No. T1, R1 . 
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Thus, a plurality of transmission channels are simulta- 
neously set, and the image data for facsimile can be 
transmitted without interrupting the audio transmission. 

Although successive slot periods are used here, 
discrete slot periods may be used. Further, when a ter- 
minal apparatus has a capability of processing commu- 
nication at two transmission frequencies (transmission 
channels') simultaneously, the newly allocated slots 
may be set to slots at a different transmission frequency. 
Furthermore, although simultaneous transmission of 
image data for facsimile in addition to audio data has 
been described here, data for electronic mail may be 
transmitted instead of image data for facsimile. 

Further, although facsimile image data or electronic 
mail data is transmitted through bi-directional commu- 
nication by providing additional slots for bi-directional 
transmission in the above-described embodiment, only 
additional slots may be provided in the direction of trans- 
mitting such data (slots transmitted from the terminal ap- 
paratus to the base station in the above-described em- 
bodiment). In this case, if it is required to have some 
response data returned from the party, a section for 
transmitting signal bits may be set in slots for transmit- 
ting audio data and the response data may be returned 
-using the signal bits. 

Further, when the transmission of facsimile image 
data or electronic mail data requires a transmission ca- 
pacity larger than that for transmission of audio data, the 
number of the slots added may be increased. For exam- 
ple, when the transmission of facsimile image data or 
electronic mail data which requires a large transmission 
capacity is initiated while audio data are being transmit- 
ted through communication using the slots No. T1, R1 
as shown in FIG. 5A, the slots No. T2, T3, R2, R3 may 
be added as shown in FIG. 5C, and the facsimile image 
data or electronic mail data may be transmitted using 
the sections for information bits of the two each trans- 
mission and reception slots thus added. This makes it 
possible to cope with data requiring a large transmission 
capacity. 

Further, while audio data is being transmitted 
through communication using the slots No. T1, R1 as 
shown in FIG. 5A, the transmission of facsimile image 
data through communication using the slots No. T2, R2 
may be initiated as shown in FIG. 5B and, thereafter, the 
transmission of electronic mail data through communi- 
cation using the slots No. T3, R3 may be further initiated 
as shown in FIG. 5C. 

Although the description so far has referred to the 
transmission of a plurality of types of data from a termi- 
nal apparatus, data of a type other than audio data (fac- 
simile image data, electronic mail data or the like) may 
be transmitted from the side of the base station (i.e., the 
party connected by way of the base station) to the ter- 
minal apparatus using additional slots while transmis- 
sion of audio data or the like is in progress between the 
base station and the terminal apparatus. Referring to 
processes at the terminal apparatus in this case, the au- 



dio processing unit 1 7 may be operated in addition to 
the circuits for communication processing such as trans- 
mission, reception, modulation and demodulation or the 
like during transmission or reception of audio data to 

5 perform a call process; the facsimile processing unit 24 
may be activated when the transmission of facsimile im- 
age data is started to start processing of the facsimile 
image data to be transmitted; and the electronic mail 
portion 25 may be activated when the transmission of 

10 electronic mail data is started to initiate the process of 
electronic mail data to thereby perform the respective 
processes. 

Further, it is also possible that a plurality of trans- 
mission slots and reception slots may be allocated in 
15 advance when communication is started between a 
base station and a terminal apparatus, and a number of 
slots among the allocated slots may be used in a quan- 
tity depending on the capacity of data transmitted. In this 
case, even if a capacity of data to be transmitted is 

20 changed and then reduced as compared with that at an 
initial state, then a slot allocated to the terminal appara- 
tus may still be allocated to the terminal apparatus. In 
this processing, while the slot is not allocated to other 
terminal apparatus, it may not be problematic when suf- 

25 ficient slots are provided. 

Although an example of the application of the 
present invention to the TDMA method has been de- 
scribed above, the process according to the present in- 
vention is obviously applicable to other systems of com- 

30 munication. As another example, a description will now 
be made on an application to a system wherein a multi- 
carrier signal is transmitted. 

The transmission of a multi-carrier signal is a sys- 
tem wherein a plurality of subcarriers are arranged at a 

35 predetermined frequency interval in one transmission 
band for communication between a base station and a 
terminal apparatus and wherein information is distribut- 
ed to each subcarrier and modulated to transmit the da- 
ta. For example, as a modulation process at a base sta- 

^0 tion or a terminal apparatus (corresponding to the mod- 
ulation process at the control unit 20 in the case of the 
terminal apparatus, and to the modulation process in- 
cluded in each of the communication units 54a through 
54n in the case of the base station), a process having 

<5 the configuration shown in FIG. 6 is performed. 

Specifically, reception data which is a symbol string 
is supplied to a convolutional encoding circuit 61 to ob- 
tain convolution-encoded data; the data which has been 
convolutional encoded is supplied to an interleave buffer 

50 62 to be subjected to an interleave process wherein the 
data are rearranged by a predetermined length; the in- 
terleaved data is subjected to DQPSK modulation at a 
DQPSK modulation circuit 63 to provide a transmission 
signal; and the modulated transmission signal is sup- 

55 plied to an inverse fast Fourier transformation circuit 
(IFFT circuit) 64 to be subjected to an inverse fast Fou- 
rier transformation process wherein data arranged on a 
frequency base is converted into multi-carrier signals ar- 
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ranged on a time base. 

The multi-carrier signals output from the IFFT circuit 
64 are supplied to a windowing circuit 64 tor multiplying 
it by windowing data for each signal of a predetermined 
unit length, and the signals multiplied by the windowing 
data are converted into an analog signal by a digital-to- 
analog converter 66 to be supplied to the transmission 
unit 21 (see FIG. 1) where they are subjected to frequen- 
cy conversion and transmitted in a predetermined fre- 
quency band. 

Next, a process having the configuration shown in 
FIG. 7 is carried out as a demodulation process at a ter- 
minal apparatus or a base station which receives the 
multi-carrier signals transmitted after being process as 
described above (a demodulation process which corre- 
sponds to the demodulation process at the demodula- 
tion unit 15 in the case of the terminal apparatus and 
which is included in each of the communication units 
54a through 54n in the case of the base station). 

Specifically, the signals which have been received 
and then converted into an intermediate frequency sig- 
nal are supplied to an analog/digital converter 71 to be 
sampled at a predetermined sampling frequency; the 
sampled data is supplied to a reverse windowing circuit 
.72 to be multiplied by reverse windowing data for each 
signal in a predetermined unit length (this reverse fram- 
ing data is data which is the reverse of the framing data 
for transmission) to restore the original data; and the re- 
stored data is supplied to a fast Fourier transformation 
circuit (FFT circuit) 73 wherein a fast Fourier transfor- 
mation process is performed to make the time-series 
multi-carrier signals as data of respective sub-carriers. 
The converted signals are supplied to a DQPSK demod- 
ulation circuit 74 to be demodulated, and the demodu- 
lated signals are supplied to a deinterleave buffer 75 
where they are subjected to a deinterleave process to 
be returned to the original arrangement. The deinter- 
leaved data in the original arrangement is supplied to a 
Viterbi decoding circuit 76 to decode the data which has 
been subjected to convolutional encoding to obtain re- 
ception data which is symbol strings. 

The encoding and the decoding in the above de- 
scription are not limited to convolutional encoding and 
the Viterbi decoding, but encoding for providing a large 
intervals between the strings of transmitted symbols and 
decoding for estimating the string of the highest likeli- 
hood based on the received symbols may be prepared. 
That is, the known turbo code or the like may be used. 

A description will now be made with reference to 
FIGS. 8A and 8B on a process of simultaneously trans- 
mitting a plurality of types of data during the transmis- 
sion of multi-carrier signals processed as described 
above. As shown in FIG. 8A, in the present embodiment, 
one transmission band F A is set in a predetermined fre- 
quency band (e.g., a width of 1 50 kHz), and ten sub-car- 

rier signals ^ , f 2 fio are provided at a predetermined 

frequency interval (e.g., at an interval of 6.25 kHz) in a 
band FB in the middle thereof to transmit data which had 



been modulated into respective subcarrier signals. For 
example, an audio call is carried out by transmitting au- 
dio data which has been modulated into the ten subcar- 
rier signals f t through f 10 between a party connected by 
5 way of a base station and a terminal apparatus on a bi- 
directional basis. The band other than the subcarrier 
transmission band F B in one transmission band F A , i.e., 
a band F 0 is set as a guard band. 

When another type of data (e.g., facsimile image 

10 data or electronic mail data) is desired to be transmitted 
simultaneously with the audio data, the number of the 
subcarrier signals arranged in one transmission band 
F A is increased. Specifically, as shown in FIG. 8B, five 
each subcarrier signals i n through f 15 and f 16 through 

*s f 20 are respectively provided in the adjacent bands high- 
er and lower than the ten subcarrier signals f 1 through 
f 10 and thus a multi-carrier signal consisting of 20 sub- 
carriers in total is transmitted. The data of a type other 
than audio data (facsimile image data or the like) is 

20 transmitted by the ten subcarrier signals f n through f 2 o 
thus added. A guard band F 0 ' which is a band other than 
a subcarrier transmission band F c in one transmission 
band F A is narrower than that in the case of transmission 
of only ten subcarriers. 

25 in such a transmission process, by increasing the 
number of subcarriers set in one transmission band, a 
plurality of types of data such as audio data and facsim- 
ile image data can be simultaneously transmitted. Spe- 
cifically, data transmission is performed through one 

30 transmission channel constituted by the ten subcarrier 
signals f 1t through f 20 in addition to the data transmis- 
sion through one transmission channel constituted by 
the ten subcarrier signals ^ through f 10 , and thus a plu- 
rality of logical transmission channels are simultaneous- 

35 ly set. In this case, in the case of the example shown in 
FIG. 8, twenty subcarriers can be set in advance in one 
transmission band, but only ten subcarriers are set to 
transmit one type of data. Then, when the types of data 
transmitted is to be increased, only the number of sub- 

40 carriers is increased without changing the width of one 
transmission band. As a result, when a transmission 
channel is set at the beginning of communication with 
the terminal apparatus under control of a base station, 
it is always required only to set a channel having the 

45 same band width, which simplifies the communication 
control process. Further, communication is always car- 
ried out preferably because a change in the number of 
the subcarriers only results in a change in the band width 
of the guard band F 0 (F 0 '). That is, it is important to in- 

50 crease a guard band width in order to maintain prefera- 
ble transmission conditions and, therefore, setting the 
guard band F 0 having a large band width as shown in 
FIG. 8A is not useless. Further, even when twenty sub- 
carriers are set as shown in FIG. 8B, the guard band F 0 ' 

55 having a minimum required band width is provided to 
maintain a certain degree of transmission conditions. 

Although a process wherein the number of subcar- 
riers is increased or decreased without changing the 
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width of one transmission band has been described 
here, the number of transmission bands set for simulta- 
neous use may be changed depending on the number 
of the types of data to be simultaneously transmitted 
with the number of subcarriers in one transmission band s 
fixed. 

Further, even in transmission using this multi-carrier 
signal, data for controlling the start and termination of 
simultaneous transmission of a plurality of types of data 
and the like can be accommodated by using and trans- 10 
mitting a predetermined part of information bits distrib- 
uted to and transmitted by the subcarriers as signal bits 
for control data such as outgoing call data or the like. 

Although the terminal apparatus described above 
is basically capable of processing a plurality of types of is 
data therein whether it uses the TDMA system or multi- 
carrier system, a terminal apparatus may have a con- 
figuration wherein the terminal apparatus itself is capa- 
ble of only separating a plurality of type of data it has 
received and synthesizing and transmitting a plurality of 20 
types of data and wherein the reception data thus sep- 
arated and the transmission data to be synthesized are 
input and output from an external apparatus connected 
to the terminal apparatus. 

FIG. 10 illustrates an example of a configuration of 25 
a terminal apparatus in such a case. Parts correspond- 
ing to those in the terminal apparatus shown in FIG. 1 
are given like reference numbers and will not be de- 
scribed here in detail. Referring to the configuration, re- 
ception data which has been received at a reception unit 30 
13 and demodulated by a demodulation unit 15 is sup- 
plied to a separation portion 31 to be separated into 
each type of the reception data. Respective types thus 
separated are supplied to separate terminal portions 
34a, 34b, .... 34n (n is an arbitrary number) to be sup- 35 
plied to respective different data processing apparatus- 
es (not shown) connected to the terminal portions 34a 
through 34n. Transmission data supplied to the respec- 
tive terminal portions 34a, 34b, .... 34n from an external 
data processing apparatus are supplied to a synthesiz- 40 
ing unit 32 to be synthesized and are transmitted by a 
transmission unit 21 after being modulated by a modu- 
lation unit 20. 

The separation process at the separation portion 31 
and the synthesizing process at the synthesizing unit 32 *5 
are executed under control of a control unit 33 which is 
a system control of this terminal apparatus. For exam- 
ple, in the case of a terminal apparatus which commu- 
nicates according to the TDMA system, the separation 
portion 31 of the terminal apparatus separates a recep- 50 
tion signal at each slot in one frame and supplies the 
results to the separate terminal portions 34a, 34b, ... to 
thereby supply separate data processing apparatuses 
connected to the terminal portions 34a ( 34b, ... with the 
corresponding types of reception data. Different types 
of data supplied from the data processing apparatuses 
connected to the terminal portions 34a, 34b,... are each 
synthesized by the synthesizing unit 32 as data in dif- 



ferent slots and are transmitted using different slots in 
one frame. 

Further, in the case of a terminal apparatus that 
communicates according to the multi-carrier system, the 
separation portion 31 of the terminal apparatus sepa- 
rates data which has been become a symbol string as 
a result of demodulation into data which has been trans- 
mitted by modulating into a first group of subcarriers (e. 
g., ^ through f 10 in FIG. 8B) and data which has been 
transmitted by modulating into a second group of sub- 
carriers (e.g., f n through in FIG. 8B) and supplies 
them to the terminal portions 34a and 34b, respectively, 
to thereby supply them to data processing apparatuses 
(not shown) connected to the terminal portions 34a and 
34b, respectively. Different types of data supplied from 
the data processing apparatuses connected to the ter- 
minal portions 34a, 34b,... are each synthesized by the 
synthesizing unit 32 into data strings to be modulated 
into different groups of subcarriers and are supplied to 
the modulation unit 20. Each type of data is subjected 
to a process of modulation into subcarrier signals at the 
modulation unit 20 to be modulated into different groups 
of subcarriers and is transmitted. 

The separation process on received data and the 
synthesizing process on data to be transmitted as de- 
scribed above allow simultaneous transmission of a plu- 
rality of data of different types between a plurality of data 
processing apparatuses connected to this terminal ap- 
paratus and a party connected by way of a base station. 
For example, a plurality of series of data such as fac- 
simile image data and electronic mail data can be simul- 
taneously transmitted. Needless to say, a plurality of se- 
ries of data of the same type can be simultaneously 
transmitted. 

Although each of the above embodiments has re- 
ferred to a process of simultaneously transmitting three 
types of data, i.e., audio data, facsimile image data and 
electronic mail data in combination, combinations of oth- 
er types of data are obviously possible. Further, the in- 
vention can be applied to a process of setting a plurality 
of logical transmission channels simultaneously for 
communication using methods of transmission other 
than the TDMA system and multi-carrier system. For ex- 
ample, the present invention is compatible with the CD- 
MA system if transmission is performed by dispersing 
plural series of signals to different spread symbols and 
setting a plurality of logical transmission channels simul- 
taneously. FIGS. 9A and 9B shows how to set a plurality 
of logical transmission channels simultaneously. 

According to the present invention, while a terminal 
apparatus and a base station are in communication for 
transmitting a predetermined information using a prede- 
termined transmission channel, a signal requesting to 
set another transmission channel is transmitted using a 
part of the predetermined transmission channel to initi- 
ate communication between the terminal apparatus and 
the base station through the other transmission channel. 
This makes it possible to set other transmission during 
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communication in progress and, for example, to transmit 
data of a type different from the data currently commu- 
nicated using the other transmission channel thus set. 

In this case, when the communication between the 
terminal apparatus and the base station is initiated, a s 
channel having a capacity which allows a plurality of 
transmission channels to be set is allocated in advance; 
a predetermined information is transmitted through a 
predetermined channel among the plurality of allocated 
transmission channels; and the remaining transmission 10 2. 
channels among the plurality of allocated channels are 
used as different transmission channels when a request 
signal to set other transmission channel is transmitted. 
This eliminates the need for looking for an empty chan- 
nel when the other transmission channel is to be alio- is 
cated and thus allows channel allocation to be carried 
out through a simple process. 3. 

Further, since the capacity for the transmission be- 
tween the terminal apparatus and base station is in- 
creased each time other transmission channel is set as 20 
a result of the transmission of the signal requesting to 
set the other transmission channel in the above-de- 
scribed case, the transmission capacity can be appro- 
priately set depending on the data transmitted at that 
.time. 25 

Furthermore, since the type of the information 
transmitted through the predetermined channel and the 
type of the information transmitted through the other 
channel are made different in the above-described 4. 
case, it is possible to transmit a plurality of types of data 30 
simultaneously to allow efficient communication. 

In addition, when the present invention is applied to 
a terminal apparatus, plural series of information input 
thereto are transmitted to a base station after being syn- 
thesized and information transmitted from the base sta- 35 
tion is output after being separated into each series. This 
allows simultaneous communication between a plurality 5. 
of information processing apparatuses connected to the 
terminal apparatus and a party connected by way of the 
base station and allows simultaneous transmission from 40 
a plurality of information processing apparatuses using 
a single terminal apparatus. 

Having described preferred embodiments of the 
present invention with reference to the accompanying 6. 
drawings, it is to be understood that the present inven- *s 
tion is not limited to the above-mentioned embodiments 
and that various changes and modifications can be ef- 
fected therein by one skilled in the art without departing 
from the spirit or scope of the present invention as de- 
fined in the appended claims. so 7. 



a signal generated by said first apparatus and trans- 
mitted to said second apparatus comprises a pre- 
determined amount of information bits and in an al- 
location request state a part of said predetermined 
amount of information bits is regarded as an alloca- 
tion request bit, allocating communication resourc- 
es depending upon whether or not said second ap- 
paratus detects said allocation request bit. 

A communication resource allocation method ac- 
cording to claim 1, wherein a head information 
which indicates an existence of said allocation re- 
quest bit is also transmitted, in a case of transmitting 
said allocation request bit from said first apparatus 
to said second apparatus. 

A communication resource allocation method ac- 
cording to claim 1 or 2, wherein communication re- 
sources which have an enough capacity for com- 
municating a plurality of informations are allocated 
in advance in a case of allocating said communica- 
tion resource at first by said second apparatus, and 
communication resources which are not used at the 
time in previously allocated communication re- 
source are allocated in a case of allocating said 
communication resource at a next time by said sec- 
ond apparatus. 

A communication resource allocation method ac- 
cording to any one of the preceding claims, wherein 
communication resources which have a predeter- 
mined capacity are allocated every time an alloca- 
tion request has arrived in a case of allocating said 
communication resource by said second appara- 
tus. 

A communication resource allocation method ac- 
cording to any one of the preceding claims, wherein 
said communication is executed in a TDMA format 
or in a CDMA format, and said communication re- 
source allocation is executed by an allocation of 
time slot(s). 

A communication resource allocation method ac- 
cording to any one of the preceding claims, wherein 
said communication is executed in a multi-carrier 
format, and said communication resource alloca- 
tion is executed by an allocation of subcarrier(s). 

A base station for allocating a communication re- 
source, comprising: 



Claims 

1 . A communication resource allocation method for al- 
locating communication resources by a second ap- 
paratus in response to a request from a first appa- 
ratus, including the step of, when in a normal state 



a receiving means for receiving signal from a 
subscriber apparatus; 
55 a control means for identifying a part of infor- 

mation bits of an output signal from said receiv- 
ing means as an allocation request bit, and for 
allocating communication resource depending 
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upon whether or not said allocation request bit 
is detected; and 

a transmitting means for transmitting said com- 
munication resource allocation result to said 
subscriber. s 

8. A base station according to claim 7, wherein said 
control means detects an existence of said alloca- 
tion request bit by detecting head information in an 
output signal of said receiving means. 10 



14. A subscriber apparatus according to claim 13, 
wherein said control means generates a head sig- 
nal which indicates an existence of an allocation re- 
quest bit, in a case of generating said allocation re- 
quest bit. 

1 5. A subscriber apparatus according to claim 1 3 or 1 4, 
wherein said transmitting means transmits one of a 
TDMA format signal, a CDMA format signal or a 
multi-carrier format signal. 



9. A base station according to claim 7 or 8, wherein 
communication resources which have an enough 
capacity for communicating a plurality of informa- 
tions are allocated in advance in a case of allocating 1$ 
said communication resource at first by said control 
means, and communication resources which are 

not used at the time in previously allocated commu- 
nication resource are allocated in a case of allocat- 
ing said communication resource at a next time by 20 
said control means. 

10. A base station according to any one of claims 7 to 
9, wherein communication resources which have a 
predetermined capacity are allocated at every time 25 
when an allocation request has arrived in a case of 
allocating said communication resource by said 
control means. 



1 1. A base station according to any one of claims 7 to 30 

10, wherein said receiving means and said trans- 
mitting means communicate with each other in a 
TDMA format or in a CDMA format, and said com- 
munication resource allocation is executed by an al- 
location of time slot(s). 3$ 

12. A base station according to any one of claims 7 to 

11, wherein said receiving means and said trans- 
mitting means communicate with each other in a 
multi-carrier format, and said communication re- 40 
source allocation is executed by an allocation of 
sub-carrier(s). 



13. A subscriber apparatus comprising: 

45 

a control means for generating a communica- 
tion resource allocation signal for a base sta- 
tion; and 

transmitting means for transmitting an output 
signal from said control means to said base sta- so 
tion, wherein, in a normal state, said transmit- 
ting means transmits a signal having a prede- 
termined amount of information bits regarded 
as an allocation request bit and, in an allocation 
request state, said control means generates a 55 
signal in which a part of said predetermined 
quantity of information bits is regarded as an 
allocation request bit. 
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